ABSTRACT
INTRODUCTION
The Local Binary Pattern (LBP) approach has evolved to represent a significant breakthrough in texture analysis, outperforming earlier methods in many applications. Perhaps the most important property of the LBP operator in real-world applications is its tolerance against illumination changes. Another equally important is its computational simplicity, which makes it possible to analyze images in challenging real-time settings. Based on LBP approach the present study proposes a new method for the analysis of color stone textures. For this the present study evaluated co-occurrence features on patterns extracted from local binary operator. The present study also derived new statistical parameters called LBP constant and high symmetry. These parameters are also used in the color stone texture analysis.
Image texture analysis is an important fundamental problem in computer vision. During the past few years, several authors have developed theoretically and computationally simple, but very efficient nonparametric methodology for texture analysis based on LBP [1, 2, 3, 4, 5, 6, 7, 8, 9] . The LBP texture analysis operator is defined as a gray scale invariant texture measure, derived from a general definition of texture in a local neighbourhood. For each pixel in an image, a binary code is produced by thresholding its value with the value of the centre pixel. A histogram is created to collect up the occurrences of different binary patterns. The basic version of the LBP operator considers only the eight neighbours of a pixel, but the definition has been extended to include all circular neighbourhoods with any number of pixels [10, 11, 12] . Through its extensions, the LBP operator has been made into a really powerful measure of image texture, showing excellent results in terms of accuracy and computational complexity in many empirical studies. The LBP operator can be seen as a unifying approach to the traditionally divergent statistical and structural models of texture analysis. Perhaps the most important property of the LBP operator in real world applications is its tolerance against illumination changes. Another equally important is its computational simplicity, which makes it possible to analyze images in challenging real-time settings.
The LBP method has already been used in a large number of applications all over the world, including visual inspection, image retrieval, remote sensing, biomedical image analysis, face image analysis, motion analysis, environment modelling, and outdoor scene analysis. The present paper developed co-occurrence features on LBP and also developed a new statistical parameter on LBP for the recognition of stone textures.
REPRESENTATION OF LBP
The present section introduces the basic concept of LBP .It is a gray-scale invariant texture measure computed from the analysis of a 3×3 local neighbourhood over a central pixel. The LBP is based on a binary code describing the local texture pattern. This code is built by thresholding a local neighbourhood by the gray value of its centre.
In a square-raster digital image, each pixel is surrounded by eight neighbouring pixels. The local texture information for a pixel can be extracted from a neighbourhood of 3×3 pixels, which represents the smallest complete unit (in the sense of having eight directions surrounding the pixel). A neighbourhood of 3×3 pixels is denoted by a set containing nine elements: P= {P 0 , P 1 ...P 8 }, here P 0 represents the intensity value of the central pixel and P i {i=1, 2… 8}, is the intensity value of the neighbouring pixel i. The eight neighbours are labelled using a binary code {0, 1} obtained by comparing their values to the central pixel value. If the tested gray value is below the gray value of the central pixel, then it is labelled 0, otherwise it is assigned the value 1 as described by the Equation 1. The value of the LBP changes by the representation of the weights. The LBP can be calculated in 8 different ways for a 3×3 neighbourhood is shown in Fig. 2 . That is for any 3×3 neighbourhood one can generate eight LBP values. The LBP value for the Fig.1(a) in all eight directions as represented in Fig.2 The present study applied LBP for RGB color space. In RGB color space LBP is applied for each band. The resultant LBP for each color band for Brick, Granite, Marble and Mosaic textures is displayed in Fig. 4 , 5, 6 and 7 respectively. The histogram of each texture in RGB sub bands of LBP is displayed in Fig. 4 , 5, 6 and 7 for Brick, Granite, Marble and Mosaic respectively. The histograms clearly reveals that the Granite textures are having high contrast and mosaic textures are having low contrast compared to remaining class of stone textures. Mosaic textures are having equal amount of bright and dark parts in it. The proposed frame work for color texture classification is given in the Fig. 3 . The present study attempted an in depth study of LBP on color stone textures. For this LBP scheme is applied on individual sub bands of red, green and blue stone textures. The resultant RGB stone textures are displayed individually, with histograms from Fig. 4 to 7 . The histograms clearly indicate that there is not even slightest difference on brightness or intensity levels of individual color band stone textures using LBP. More over the mean of each individual band of stone textures differed only by a value of one or two. From this, the present study concludes that one need not necessarily experiment on each sub band of stone texture for any analysis or recognition, to analyze or classify or to recognize one can consider only one sub band of color images using LBP. 
RESULTS AND DISCUSSIONS
In order to recognize mosaic textures, the proposed LBP parameters are computed on each of color bands separately for all stone textures. The average value of each statistical parameter for each class of stone texture on Red, Green and Blue component is listed in the Tables 1, 2, 3 and 4 for Brick, Granite, Marble and Mosaic textures respectively. The tables also contain RGB average value for each statistical parameter for each class of texture. From the Tables 1, 2 In order to recognize mosaic textures, the following algorithm is used as follows. The distance is obtained by computing the Euclidean distance between the above proposed features between the sample texture and database texture. The percentage of recognition rates are listed in Table 5 . 
CONCLUSIONS
The present paper extended the concept of LBP on color textures. The proposed LBP parameters have shown a high recognition rate of 92% for Mosaic textures but failed in recognizing the other textures. From this, the present study concludes that the proposed features on color LBP lead to a good recognition rate for Mosaic textures only. This is also evident from the histograms of Fig. 4 , 5, 6 and 7. From this, the present study concludes that it's not necessary to experiment on each sub band of stone textures for any analysis or recognition.
